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Abstract 
The paper deals with different approaches to evaluation of competitiveness of the EU countries. Alternative measures of 
competitiveness indicators are applied and compared in the paper. The traditional approach of cost-based productivity measures 
is applied in the analysis. In addition, the set of infrastructure and human capital quality indices reflecting the country’s potential 
to attract firms to establish and conduct competitive high-tech business is suggested to examine competiveness from the firm-
level perspective. Internally homogenous clusters of EU countries with similar competitiveness characteristics are identified 
using the Ward agglomerative method in the analysis. Also, the dynamics and convergence processes of the EU core, periphery 
and CEE countries are examined using the measure of average distances within clusters. The results of countries’ 
competitiveness evaluation show differences using both alternative approaches. Whereas the division between core, periphery 
and CEE countries is obvious using traditional cost-base productivity measures, unstable disparate clustering structures were 
identified using the firm-level approach. The results also show slow and steady convergence of CEE towards the core countries 
from the perspective of infrastructure and human capital quality dimension.  
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1. Introduction 
New definitions and new approaches to assess competitiveness of the EU countries have been discussed in 
economic literature recently. The traditional approach of counties’ competitiveness evaluation is oriented on cost-
based measures such as unit labor costs, REER or unit labor productivity indices. Today’s Europe seeks for 
sustainable, smart, inclusive and environmentally friendly economic growth. From that perspective the traditional 
cost-based approach of productivity assessing provide a limited picture. For instance the indices of knowledge-based 
economy potential or firm-level perspective are not captured by the traditional approach. Aiginger et al. (2013) 
redefine the term competitiveness to make it more useful also for evaluation of country performance and for policy 
conclusions. They aim to set a definition that is adequate if economic policy strives for a new growth path that is 
more dynamic, socially inclusive and ecologically sustainable. Huemer at al. (2013) criticize the traditional concepts 
of competitiveness measuring since these concepts ignore the fact that competitiveness can change not only due to 
market processes but also because of political decision making. They propose a new competitiveness index that 
captures the dimensions in which politics can influence competitiveness beyond factor price adjustment. Thus the 
index is considered as a measure of institutional competitiveness.  
Various approaches to measuring competitiveness are also applied by institutions and organizations such as the 
World Bank, European Commission, OECD, etc. Scoreboards and scorecards capturing knowledge economy and 
innovative activity indicators are used by those bodies. A summary of competitiveness measuring methods used by 
multinational organizations is summarized e.g. by Karahan (2012).  
In the paper we introduce an approach to measure countries´ competitiveness from the firm-level perspective. 
The selected competitiveness indicators capture the countries’ potential to attract firms to establish and conduct 
competitive high-tech business demanding high-skilled labor. Using the indicators of infrastructure and human 
capital quality we ask: What conditions (non-cost) do the EU countries offer to establish and conduct competitive 
enterprise? Contrary to traditional approach, the selected competitiveness indicators are not cost-based oriented and 
do not capture the price-cost competitiveness of countries. Examining the country-clusters with similar 
competitiveness characteristics we also ask whether the traditional division among the EU core, periphery and CEE 
countries also apply for our new approach. In addition to that we aim to provide some evidence on convergence 
processes among those country-groups over time.  
The paper is structured as follows: The introductory part explains the aim and motivation of the research. The 
methodology and data are described in the second section. Descriptive statistics of traditional indicators of 
competitiveness are presented in the third section. The cluster analysis based on competitiveness indicators 
capturing the infrastructure and human capital quality measures is included in the fourth section. The fifth section 
concludes.   
2. Methodology 
Descriptive comparative analysis is used when comparing the cost-based competitiveness measures of the EU 
countries. The indices of labor productivity, nominal unit labor costs and real effective exchange rate (REER) were 
applied to assess the competitiveness from a traditional perspective. Measures of infrastructure and human capital 
quality were selected to establish the alternative dimension of competitiveness evaluation. The final selection of the 
indices results from multicolinearity testing. The measures with high level of cross correlation were excluded from 
the dataset.  
The quality of human capital is approximated with the indices of educational attainment. In particular the shares 
of Tertiary students (ISCED 5-6) by field of education; Science, mathematics and computing (%) and Tertiary 
students (ISCED 5-6) by field of education; Engineering, manufacturing, construction (%) and share of Pupils 
learning English at ISCED level 3 (GEN) as a percentage of the total pupils at this level were applied in the 
dimension. The measures of internet penetration estimated as a percentage of households with the internet access 
and also the measures of transport infrastructure capturing airport, railway and motorway coverage were used to 
check the infrastructure quality. Let’s remind that the measures were selected to capture the potential and conditions 
of countries to attract firms to establish and conduct competitive high-tech enterprise.  
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Table 1: Dimension of infrastructure and human capital quality 
Variable Unit Source 
Students of science and computing % of tertiary students Eurostat 
Engineering students % of tertiary students Eurostat 
Internet penetration %  Eurostat 
Airport coverage per 1000 km2 Eurostat 
Railway coverage km per 1000 km2 Eurostat 
Motorway coverage km per 1000 km2 Eurostat 
Learning English at ISCED level 3 % of pupils Eurostat 
 
The cluster analysis was applied to identify internally homogenous clusters of countries with similar measures of 
infrastructure and human capital quality. Changes in clustering structure in the EU are assessed in years of 2000, 
2004, 2008 and 2012. Similarly to Sorensen and Gutierrez (2006) and Rozmahel et al. (2013) we than apply the 
agglomerative Ward method with Euclidean distance in order to emphasize internal homogeneity and to stress 
outliers1. 
Variables were then transformed into an index I representing countries’ position relative to the rest of the sample 
of countries in a way:  
ܫ௜ǡ௧ ൌ
௩೔ǡ ೟
ௐ஺௏ீሺ௩೟ሻ
ǡ ݂݅ݒ݈ܽݑ݁ݏሺݒ௜ǡ௧ሻ ൐ Ͳ   (1) 
Where v represents a respective variable, i stands for a country in the time period t, and WAVG is a weighted 
average of the particular variable composed of the rest of the EU countries – excluding the ith country, weights 
being ith country’s GDP. Index I, representing a country’s position relative to the rest of the EU when compared to 
other countries’ indices, can be used to describe a contribution of a country to the level of heterogeneity within the 
EU and, hence, to provide information on the integration process in the EU. 
All indices were normalized: 
௜ܰǡ௧ ൌ
ூ೔ǡ೟ିெூேሺூ೅ሻ
ெ஺௑ሺூ೅ሻିெூேሺூ೅ሻ
ǡ   (2) 
Where I is a value of the index in time period t. MAX(IT) / MIN(IT) represents a maximal/minimal value of the 
index during the whole time period T.  
The average distances of countries within clusters and their evolution over time were estimated to assess the 
dynamics of clustering. In particular, the convergence processes among the core, periphery and CEEC countries 
were examined. For this purpose the ex-ante country clusters were established. The cluster of CEE countries 
contains Czech Republic, Hungary, Poland, Slovenia, Slovakia, the Baltic countries Estonia, Latvia and Lithuania, 
Bulgaria and Romania as new member countries. The core consists of Austria, Belgium, Germany, Finland, France, 
Netherlands, Sweden and United Kingdom and periphery countries include Portugal, Italy, Greece, Spain and 
Ireland. 
 
 
1 1 For comparison of other studies using the cluster analysis to check various dimensions of economic and institutional performance in the EU 
see for instance Artis and Zhang (2001), Boreiko (2003), Camacho et al. (2006, 2008), Song and Wang (2008) or Quah and Crowley (2010). 
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3. Competitiveness of the EU countries: traditional approach 
Using the traditional cost-based productivity measures, the gap between the core of the Euro area and the CEE or 
periphery countries is obvious. The Fig. 1 (a) compares the actual real labor productivity of selected CEE countries 
measured in EUR per hour with the average of the EU 27 and EU 15 in 2012. The measure of nominal unit labor 
costs (ULC) presented at the Fig. 1 (b) was modified. The ULC index was multiplied by the measure of 
compensation of employees sourced from the Eurostat to get the labor cost indicator expressed in Euro per unit.  
 
Fig. 1. (a) Labor productivity in the CEECs vs. EU and EUR average (2012) . Source: Eurostat; (b) Nominal unit labor costs modified with the 
compensation of employees (EUR per unit, 2012). Source: Eurostat. 
Slovenia adopting euro in 2007 reaches the highest level of labor productivity and nominal labor cost 
approaching the average of the EU 27. A significant gap between the EU and Euro area averages and the rest of 
CEEC countries remains relatively large. Bulgaria and Romania reach the lowest values of analyzed CEE countries.  
Fig. 2. Real effective exchange rate in the EU core, periphery and CEE countries (deflated with CPI, 1996=100). Source: Eurostat 
Clear division between the core, periphery and CEE countries is apparent at the Fig. 2. The real effective 
exchange rate (REER) measuring the development of cost-price competitiveness appreciates in the group of CEEC 
countries over analyzed period of 1996-2012. In case of the core and periphery countries the development is either 
stable or gently depreciating. Appreciation of the REER is considered a sign of continuing real and price 
convergence. However, looking at the measures of labor productivity and unit labor cost in 2012 at Figures 1 and 2 
the remaining gap is still significant.  
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4. Measuring competitiveness in the EU from the firm-level perspective 
Looking at the data of the cost-based measures of competitiveness one might ask whether those measures provide 
a general picture of the country’s competitiveness. Following the current trends in literature and institutional 
approach to evaluate countries competitiveness we try to complete the cost-based picture with other aspects of 
competitiveness. In the following analysis we evaluate the countries form the firm-level perspective. We select the 
measures capturing the potential of countries to attract firms to establish and run competitive high-tech enterprise 
based on employing high skilled labor force. Thus, we put together a set of indicators describing the quality of 
infrastructure and also a quality of human capital. It should be pointed out that in our analysis we do not evaluate the 
countries individually according to particular indicators. We rather measure similarity of countries and estimate 
internally homogenous country-clusters from the perspective of the infrastructure and human capital dimension. The 
set of indicators is included in table 1 in the text above.  
Fig. 3. Clustering structures in the EU from the perspective of Infrastructure and human capital quality. Source: Authors’ calculations, Eurostat 
The Fig. 3 shows changing clustering structures in the EU using indices of infrastructure and human capital 
quality as reported in Table 1. Contrary to traditional cost-based productivity approach, there is no clear stable 
division among core, periphery and CEE countries observable in the dendrograms. Still, a slight shaping of those 
three country-groups might be observed in the final analyzed year of 2012. The core countries made of Austria, 
France, United Kingdom, Germany, Belgium and Netherland are completed with the CEE countries including the 
Czech Republic, Hungary and Poland with a dissected cluster. The rest of CEE countries comprising Bulgaria, 
Lithuania, Latvia, Romania, Slovakia, Slovenia and Estonia together with peripheral Spain, Italy and Ireland make 
the other cluster. That cluster is also completed with Sweden and Finland. Finally, Malta and Portugal are the two 
outliers in the sample. Nevertheless, we do not consider such division observable in one period of analyzed time 
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span to be a sufficient proof of profiling clusters identical with those identified using the traditional approach. 
Unclear and unstable division might be reported in a positive way in a sense that there is no stable periphery or core 
in Europe from the perspective of infrastructure and human capital measures. To shed some light on convergence or 
divergence of country clusters in the EU in terms of competitiveness measures the dynamics analysis using average 
distances in clusters was applied in the next section.   
 
Fig. 4. Convergence analysis: Average distances in clusters development. Source: Authors’ calculations, Eurostat 
The clusters of EU core, periphery and CEE countries were set for the dynamics analysis to examine the 
convergence among those country-groups. In particular the contribution to increasing heterogeneity of the periphery 
and core countries when joining the core countries is identified and compared. Accordingly the inner homogeneity 
of clusters made of core; core enlarged with CEE countries (core+CEEC), core enlarged with periphery countries 
(core+periphery) and the whole EU2 were tested. Since the internal average distance within the country-clusters is 
used as the measure of homogeneity, decreasing distances imply convergence. On the contrary, increasing distances 
imply rising heterogeneity of countries within clusters suggesting the divergence. Comparing the inner distance 
development within country clusters made of core+CEEC and core+periphery countries one might assess the 
contribution of CEE and periphery countries to changing heterogeneity. The results of the dynamics and 
convergence analysis are presented at the Fig. 4. The core countries show stable lowest internal average distance 
implying internal homogeneity as expected. The results also show steady convergence of the CEE countries towards 
the core countries over the whole analysed period. Also internal average distances decrease within the whole EU 
cluster implying decreasing heterogeneity in terms of infrastructure and human capital quality measures. The 
contribution of the CEE countries to rising heterogeneity in the EU is higher than the contribution of periphery 
countries. Nevertheless the difference in contributions is reducing over time due to convergence of the CEE 
countries towards the core of the EU.  
5. Conclusion 
An alternative approach to assess competitiveness of countries in the EU was applied in the paper. Indices 
assessing the countries’ potential to attract firms to establish and conduct competitive high-tech business were used 
in the analysis. The country-clusters with similar competitiveness measures were identified using the cluster 
analysis. A clear division among core, periphery and CEE countries results from using traditional cost-based 
productivity measuring approach. Such division does not apply for measures of infrastructure and human capital 
quality potential, which are important for firms’ decisions of business location. No stable clustering structures were 
identified using the cluster analysis over time 2000–2012 in the EU. This might be reported as a positive sign of no 
 
 
2 2 Excluding Luxembourg, Cyprus, Croatia, Greece and Denmark due to low data availability.  
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profiling core and periphery in the EU from that alternative competitiveness measuring perspective. The dynamics 
analysis also sheds some light on convergence among the core, periphery and CEE countries. Using the average 
distance within clusters as a measure of heterogeneity, the results show slow and stable convergence of the CEE 
countries to the core from the perspective of infrastructure and human capital quality dimension. Also contribution 
of CEE countries to rising competitiveness heterogeneity in the EU becomes comparably similar to the contribution 
by periphery countries over time.  
Considering the fact that the competitiveness measures in our alternative approach are non-cost oriented, and 
they capture the infrastructure and human capital quality, one might interpret the results positively from the 
macroeconomic perspective. Especially, observed convergence among all pre-determined country-clusters indicates 
that the gap between countries with high and low potential to attract firms oriented on high-tech and high skilled 
labor-based business is reducing.  
Acknowledgements 
Results published in the paper are a part of the research project “WWWforEurope” No. 290647 within Seventh 
Framework Programme supported financially by the European Commission 
References 
Aiginger, K., Bärenthaler-Sieber, S., Vogel, J. Competitiveness under New Perspective. WWWforEurope Working Papers series, No. 44. 
Artis, M., Zhang, W. 2001. Core and Periphery in EMU: A Cluster Analysis. Economic Issues Journal Articles. 6, 47–58 
Boreiko, D., 2003. EMU and accession countries: Fuzzy cluster analysis of membership. International Journal of Finance. 8, 309–325.  
Camacho, M., Perez-Quiros, G., Saiz, L., 2006. Are European business cycles close enough to be just one? Journal of Economic Dynamics and 
Control. 30, 1687–1706.  
Camacho, M., Perez-Quiros, G., Saiz, L., 2008. Do European business cycles look like one? Journal of Economic Dynamics and Control. 32, 
2165–2190..  
Huemer, S., Scheubel, B., Walch, F., 2013. Measuring Institutional Competitiveness in Europe. CESIFO Economic Studies, 59, 578–608. 
Karahan, O., 2012. Input-Output indicators of knowledge-based economy and Turkey. Journal of Business, Economics and Finance. 1, 21–36. 
Quah, CH. H., Crowley, P. M., 2010. Monetary Integration in East Asia: A Hierarchical Clustering Approach. International Finance. 13, 283–309. 
Rozmahel, P., Kouba, L., Grochova, L., Najman, N. 2013. Integration of Central and Eastern European Countries: Increasing EU Heterogeneity?. 
WWWforEurope Working Papers series, No. 9. 
Song, W. and Wang, W., 2009. Asian currency union? An investigation into China's membership with other Asian countries. Journal of Chinese 
Economic and Business Studies. 7, 457–476.  
Sorensen, CH., Gutierrez, J. M. P. 2006. Euro area banking sector integration: using hierarchical cluster analysis techniques. ECB Working Paper 
Series, No. 627 / May 2006.  
